Abstract. Spectral and luminosity classes, absolute magnitudes, color excesses, interstellar extinctions and distances are determined for 98 stars down to 13 mag in the Barnard 1 dark cloud belonging to the Per OB2 association. The classi cation of stars is based on their photoelectric photometry in the Vilnius seven-color photometric system. The extinction vs. distance diagram exhibits the presence of two dust layers at 150 and 230 pc distances. The distance of the rst cloud, which gives an extinction A V of 0.3 mag, coincides with the distance of the Taurus dark cloud complex. The second cloud with much larger extinction is about at the same distance as the clouds in the direction of the nearby objects: re ection nebula NGC 1333 and open cluster IC 348.
INTRODUCTION
In the southern part of the Per OB2 association a six-degreelong chain of dark clouds is located (Lynds 1969 , de Zeeuw et al. 1999 . The chain runs from RA(2000) = 3 h 20 m and DEC(2000) = +30 to the direction of the Milky Way up to RA(2000) = 3 h 46 m and DEC(2000) = +33 . It consists of a numberof dust condensations which have been numberedby Barnard (1927) and Lynds (1962) in their dark cloud catalogs. Unfortunately, some of the Lynds objects are di cult to identify with real dust condensations observable in the optical sky atlases and in the distribution of other tracers indicating the dust surface density (CO radio lines, far infrared emission, etc.). The Barnard clouds correspond much better to the real features observed at di erent wavelengths.
In our earlier papers we h a ve i n vestigated interstellar extinction in B205 (or L1450) cloud around the re ection nebula NGC 1333 ( Cernis 1990 ) and in B4 (or L1470) cloud which is around and southwest of the open cluster IC 348 ( Cernis 1993) . In the present paper we investigate a 2 2 sq. degree area located between these two clouds. The area includes the dark cloud B1 and its vicinity and is limited by the following 2000.0 coordinates: RA from 3 h 30 m to 3 h 40 m and DEC from +29 50 0 to +32 05 0 .
According to Barnard (1927) , the center of the B1 cloud (after transformation to 2000.0 coordinates) is: RA = 3 h 32 m 57 s , DEC = +31 09 0 and the diameter is 30 0 . The galactic coordinates of the cloud are`= 159{160 , b = {20 . Star count results published by , 1986 , and Cernicharo et al. (1985) reveal that the B1 cloud really consists of two dust condensations: the centers of both of them are on 3 h 33 m and declinations are at 31 00 0 and 31 20 0 . The third condensation, sometimes called as B1-East (Bachiller & Cernicharo 1986) , is found at 3 h 36 m and +31 00 0 . These three blobs of dust are also well seen in the far infrared emission obtained by the IRAS and COBE/DIRBE space missions (http://skyview.gsfc.nasa.gov Schlegel et al. 1998) . The features are also seen in the carbon monoxide (CO) radio surveys by Sargent (1979) , Bachiller & Cernicharo (1986) and Dame et al. (2001) . According to Bachiller et al. (1990) the diameter of B1 is 5 pcand the mass is 1200 M for a distance of 350 pc.
Interstellar extinction in the B1 area so far has been estimated only by star counts, by far infrared (100 m) emission and by C O r adio emission. Bachiller and Cernicharo (see the above cited papers) from star counts in the Palomar Observatory Sky Survey prints estimate that A V in the densest condensations of the B1 cloud should be 5 mag.
The cloud distance is known only approximately by the connection of B1 with other nearby clouds and by the numberof foreground stars projected on black zones. Bachiller and Cernicharo in their papers of 1984{1986 have accepted a distance of 200 pcwhen calculating masses of molecular clouds in the Perseus chain. Later on, Bachiller et al. (1990) have used a distance of 350 pc.
The B1 cloud and its vicinity was included in our program of distance determination to dust clouds in the solar vicinity. The investigation is based on photoelectric photometry of 128 stars down to V =13 mag in the Vilnius seven-color photometric system U,P,X,Y,Z,V,S with mean wavelengths (and half-widths): 345 (40) nm, 374 (26) nm, 405 (22) nm, 466 (26) nm, 516 (21) nm, 544 (26) nm and 656 (20) nm.
In Section 2 we describe the photometric observations and give catalogs of magnitudes and color indices, as well as the results of photometric classi cation, determination of color excesses, interstellar extinctions and distances of stars. Section 3 gives the analysis of the interstellar extinction in the area, distance determination of the dust cloud and the discussion.
PHOTOMETRIC OBSERVATIONS, REDUCTIONS AND
CLASSIFICATION OF STARS Photometry of stars was obtained by one of the authors (K. C.) with the 1 meter telescope at the Maidanak Observatory in Uzbekistan during three observing runs (1992, 1994 and 1996) . In the area all stars down to V =13 mag were measured through a diaphragm of 18 00 diameter. In all lters we tried to count at least 10 000 pulses to reach an accuracy of ux measurements better than 0.01 mag. However, for faint red stars this condition was not always obeyed since in the ultraviolet lters the exposures were too long.
Magnitudes and color indices were reduced to outside the atmosphere by the Nikonov (1976) method modi ed by Zdanavi cius (1975 Zdanavi cius ( , 1996 which takes into account the dependence of extinction coe cients on spectral type, luminosity and interstellar reddening. The star HD 23609 (V =6.97, F9 IV) in the Pleiades was used for the extinction determination. Instrumental magnitudes and color indices were transformed to the standard Vilnius system using relations derived from observations of 20 stars in the Cygnus standard region (Zdanavi cius & Cernien_ e 1985) .
The results of photometry of 128 stars are presented in Table  1 . The identi cation of stars is given in Figure 1 . Seven stars of the present paper have been observed and classi ed by Cernis (1990 Cernis ( , 1993 . Magnitudes and color indices for these stars, given in Table  1 , are average values of all available measurements. The catalog contains the current numbers, BD numbers, right ascensions and declinations for 2000.0, magnitudes V , six color indices in the Vilnius system and the number of independent observations for each star, n. For the photometric classi cation of stars two methods, based on interstellar reddening-free Q-parameters, were used. These methodsare described in our earlier papers (e.g., Strai zys, Cernis, Kazlauskas & Laugalys 2002) . The rst method is based on tting of 14 Q-parameters of the star with the same parameters of about 8500 Images of the stars, marked by a \diamond" ( ), in the Internet's virtual telescope SkyView (http://skyview.gsfc.nasa.gov) are more or less non-symmetrical. These stars may be suspected in multiplicity.
1. The star illuminating the re ection nebula VDB 16, F0 V, V = 9.16 (van den Bergh 1966 , Racine 1968 standards with known MK spectral types. The second method uses some Q Q diagrams calibrated in terms of spectral classes and absolute magnitudes. The same paper gives determination details of absolute magnitudes, color excesses, interstellar extinctions and distances. Absolute magnitudes everywhere are adjusted to the scale giving V ; M V = 3:3 for the Hyades cluster. The accuracies of extinctions and distances are of the order of 0.1 mag and 25%, respectively (rms errors).
When calculating the reddening-free Q-parameters we h a ve u s e d color-excess ratios corresponding to the normal interstellar extinction law. As it will beshown later, there are arguments that in the densest parts of the B1 cloud the interstellar extinction law may b e somewhat di erent from normal, especially in the infrared spectral range. However, in the outer parts of the cloud, which were investigated in the present paper, the peculiarities of the law are relatively small, and the ratios of color excesses in the range covered by the Vilnius system passbands should bea ected only insigni cantly. (1) leads to E V ;K =E B;V between 3.2 and 3.7 and R BV = 1 :1E V ;K =E B;V between 3.5 and 4.1. Thus, in the B1 cloud the R BV is somewhat larger than normal. Similar results for earlytype stars were obtained in our earlier papers for the adjacent areas: Cernis (1990 Cernis ( , 1993 has obtained R BV = 3 :7 for the NGC 1333 area The results of photometric classi cation and determination of extinctions and distances are given in Table 2 . The following data are given in the successive columns of the Table: current numbers, GSC numbers, photometric spectral types, spectral types from the literature, apparent magnitudes V , absolute magnitudes M V , color excesses E Y ;V , extinctions A V , distances r and parameters Q, characterizing the accuracy of photometric classi cation. The classi cation is of the best quality when Q= 0.01 mag. If Qis 0.03, the star is peculiar or accuracy of its photometry is low. In the same column, the Q Q stands for the G8{K5 type stars which w ere classied by t h e i n terstellar reddening-free Q X Z S Q X YZ or Q U P Y Q X Z S diagrams. The values of distances at R > 300 pc are rounded o to the nearest numbermultiple of 10. The notes at the end of the table give additional information about the classi cation accuracy. The column \Sp. other" contains spectral types from the literature determined spectroscopically. For most stars these spectral types are from the Bergedorfer Spektral-Durchmusterung (Schwassmann & van Rhijn 1947) for the Selected Area 47. Other sources are the HD and PPM catalogs.
Nine stars in the investigated area have trigonometric parallaxes observed by the Hipparcos orbiting observatory (ESA 1997). Their HIC numbers and trigonometric distances are given in the Notes to Table 2 . For the stars closer than 200 pc the photometric and trigonometric distances are in satisfactory agreement. Figure 2 shows the positions of our stars plotted on the IRAS 100 m emission map of the 3.5 4.5 size. The rightmost double white patch i s t h e center of the B205 cloud around and south of the re ection nebula NGC 1333. The leftmost white patch is the dark cloud B4 = L1470 south and south-west of the cluster IC 348 and the star 38 o Per. To the right of it is the IRAS dust ring of the 1.5 diameter centered on the O9.5 V star HDE 278942 (de Zeeuw et al. 1999 , Andersson et al. 2000 . The B1 cloud is in the middle between the ring and NGC 1333. It consists of two bright patches (1 and 2 in Figure 2 ) and the third patch (3 in Figure 2 ) about 3/4 degree east of them. The last dust condensation sometimes is named as the B1-East. Thus, the observed stars cover broad surroundings of the B1 and B1-East clouds, especially south of them. The majority of the measured stars are outside of the central condensations. (6) A strong limiting magnitude e ect is present in Figure 3 . This is evident from the limiting magnitude curves for the A0 V (M V =+0.7), A5 V (M V =+1.8) and F0 V (M V =+2.7) stars. The stars of these luminosities could not be observed above the corresponding curves.
INTERSTELLAR EXTINCTION AND DISCUSSION
The distance of the rst dust layer found in the present study, about 150 pc, almost coincides with the distance of dust clouds in the Taurus complex. The extinction jumps of similar size and at similar distance have been found in the direction of NGC 1333 and IC 348 clouds investigated in our previous papers ( Cernis 1990 ( Cernis , 1993 . The same was found in the direction of the California Nebula (Strai zys, Cernis & Barta si ut_ e (2001) and the Aries molecular cloud MBM 12 (Strai zys, Cernis, Kazlauskas & Laugalys 2002) . This means that the Taurus clouds extend also to the Per OB2 association and even farther away from the Milky Way.
The two cloud model of the Perseus extinction was con rmed by Goodmanetal. (1990) who found the bimodal distribution of polarization vector orientation, with small vectors parallel to the axis of the Perseus cloud chain (position angles of the vectors are centered at 71 ) and larger vectors more or less perpendicular to it (their values are centered at 145 ). The stars in the direction of the B1 cloud follow the same polarization pattern as stars towards other clouds in the chain. The small polarization probably corresponds to the stars a ected only by the extension of the Taurus clouds while the large polarization is created by t h e B1 cloud itself. The dust alignment i s caused by a 27 G magnetic eld found in B1 by Goodmanet al. (1989) . We h a ve i d e n ti ed 18 stars in common between our photometric catalog and the Goodman et al. (1990) polarization catalog (Table  3) . Three stars were not classi ed and their distances are unknown. The photometric distances of the remaining stars make it possible to determine which cloud creates the extinction and polarization of each s t a r . Table 3 No. 15 at 700 pc shows = 17 and No. 24 at 300 pc shows = 114 . Thus, our data completely con rm that the orientations of polarization vectors, corresponding to the two clouds, are very di erent. The largest polarization value of 9.14% is found for the star No. 124 which has the second-largest value of A V in our catalog (3.56 mag).
